Established illiquidity measures are constructed for emerging markets in Africa and used to determine which best explain trading costs. Costs of equity are derived from an augmented CAPM for a sample of emerging financial markets generally ignored in the literature. These include: South Africa and Namibia, three countries in North Africa and four in SSA, plus London and Paris as examples of integrated markets. Minimum variance portfolios are constructed and asset weights derived, with the sample divided into countries dependent on their legal regime. Portfolio weights are shown to be directly related to well-regulated markets with high standards of corporate governance and disclosure and firms seeking cost effective finance from SSA stock markets are at a distinct disadvantage compared with those in Northern Africa, South Africa, and in particular, London and Paris.
INTRODUCTION
During the last two decades external finance to firms in Africa has been determined by the introduction of in new stock exchanges and financial markets are now the centre of development policy of organisations such as the New Partnership for Africa's Development (NEPAD) and the African Development Bank (ADB) (NEPAD Council, 2012) . For example, stock exchanges now exist in Sierra Leone, the Cape Verde Islands, Cameroon, Gabon, Rwanda and Mozambique.
However, transactions costs in these markets are extremely high and thus a huge barrier to firm investment and growth and while much of the established literature on external firm finance in developing countries has focussed on the debate between banking and capital markets, only recently has the role of legal and governance systems in determining transactions costs as a factor in the source of funds been emphasised.
Active and well regulated stock markets can be a useful mechanism for countries to attract foreign portfolio and direct investment and thus, it is important to consider the cost effective provision of development finance in emerging stock markets in Africa. One approach is to incorporate the influence of legal political and governance systems as this has been shown to have a large impact on access to funds and on the costs of financing (Hearn and Piesse, 2013) . For example, the barriers to growth of formal stock markets in Africa has been reviewed using data from the very small markets in Swaziland and Mozambique (see Hearn and Piesse, 2009a) and Cote d'Ivoire's regional exchange (Lavelle, 2001 ).
The market microstructure literature states that asset prices emerge from the dual functions of stock markets, liquidity and price discovery, and if there is symmetric information market participants learn from equilibrium prices (O'Hara, 2003) . In this context prices represent information and do not simply enable brokerage to take place. Innovations to this basic model are the difference between informed and uninformed traders, while maintaining symmetric information (Grossman-Stiglitz, 1980) . Black (1986) describes uninformed market participants as noise traders, who commonly act on overconfidence, make errors in updating information and hence bear losses that mirror the gains of informed traders and are therefore central to market efficiency.
However, a major shortcoming of these theoretical models in the context of emerging and frontier markets in Africa is their size and limited number of participants and these factors combine to ensure that markets are incomplete. Trading is concentrated in a handful of stocks and involve small groups of traders and thus these domestic markets are segmented Hearn and Piesse, 2012) . These problems are exacerbated by the lack of regulation and effective monitoring, poor standards of corporate governance and no common accounting systems, all of which widen the gap between informed and uninformed traders. 1 Liquidity is essential to provide price discovery in stock markets and transaction costs that result are reflected in a premium in pricing models (Amihud and Mendelson, 1986; 1988) , (Chordia et al, 2000) ; (Pastor and Stambaugh, 2001 ) and (Amihud, 2002) ). Importantly, liquidity is the informational risk to uninformed traders that that cannot be diversified. An effective measure is the bid-ask spread, but again in the African context this is not satisfactory as markets quotes are infrequent (Lesmond, 2005) . During the past decade several empirically based measures have been developed that reflect various aspects of indirect trading costs, such as depth and resiliency, although there is little consensus regarding the relative value of these proxies in capturing liquidity.
Thus, the first contribution in this paper is to determine which measure best explains total trading costs in frontier markets: the price-impact measure (Amihud, 2002) , simple turnover or the trading speed measure (Liu, 2006) .
Further evidence of the importance of liquidity in asset pricing was reported by Fama and French (1993) who included liquidity and firm size in a three-factor framework and more recently Pastor and Stambaugh (2003) who noted that investors require higher expected returns for holding assets that are difficult to sell when aggregate liquidity is low. Other examples of this literature are a single country study by Martinez (2005) on the Spanish stock market and cross country studies (see Hearn, 2009 and Hearn and Piesse, 2010a ,b for Africa). However, these studies ignore the markets in Africa that are most likely to be considered as investment opportunities for overseas fund managers. Thus, the second contribution of the paper is to include size and liquidity effects within a three factor pricing model, but applied to three separate groups of African markets:
the North, Sub-Saharan and South Africa and Namibia.
The sample is motivated by a wish to consider countries with a heterogeneous mix of formal and informal institutions and also to link these with OECD markets. Informal institutions in North Africa are based on classical Islamic shari'ya law (Kuran, 2004) with French civil code legal, judicial and government institutions that reflect their colonial legacy Hearn et al, 2012) . Sub-Saharan Africa (SSA) is largely characterised by informal institutions based on indigenous Ubuntu philosophy that promotes common values and conflict resolution through consultation Roussouw, (2005) ) while formal institutions reflect aspects of European legal and governance systems. South Africa and Namibia are fundamentally different and follow the colonial model and influenced by English common law (Levine, 2005) . For this reason the markets in London and Paris are also included in the sample.
The results show that liquidity and size are significant in explaining cross section returns and outperform the traditional CAPM. Furthermore, the SSA markets of Zambia, Kenya and Nigeria have the highest costs of equity, greater than 30%, while the three North African markets are slightly lower, at between 20-30%. South Africa and Namibia are typically less than 20% but still well above the 1% of stocks in the French and UK markets. This variation in cost of equity faced by investors is further reflected in optimized asset holdings from minimum variance portfolios where those assets with highest costs of equity would be expected to be least attractive to rational investors. Thus, in the four markets with civil code legal regimes, asset weights are concentrated on the French CAC40 plus Morocco and Egypt with less emphasis on Tunisia.
Similarly, in the common law markets, asset weights are concentrated on the London FTSE100 and Namibia and South Africa with only a fraction dispersed amongst Sub-Saharan African markets. This paper is structured as follows. Section 2 introduces the liquidity measures, their construction and data used in them. Section 3 discusses data used in further estimation, including sources and problems associated with heterogeneous markets such as those in this study. Section 4 outlines the models used and section 5 discusses the results. The final section concludes.
MEASUREMENT OF LIQUIDITY-BASED TRANSACTIONS COSTS
The Bid Ask spread and commission cost
The Bid Ask spread and commission cost: Data on the end of month bid and ask quotes were from Datastream for UK (FTSE All-Share and FTSE100), France (CAC All-Share and CAC40) and South Africa, and from Bloomberg for Tunisia. Data triangulation from multiple sources for Egypt and Morocco ensured integrity as Datastream, Bloomberg and the national stock exchanges were used. The national stock exchange provided data for Namibia. The average bid-ask spread for the quarter is used to estimate the spread to minimize outliers and other sampling errors and those that exceed 80% are removed, following Lesmond (2005) . The monthly quoted spread is defined as:
D is the inverse of the number of trading days in the month, M. Amihud (2002) measure Daily price and traded volume data were from the same sources and constructed as the turnover outlined above. The daily security prices were checked for data errors, omissions and delistings and these were used to calculate daily returns. To control for outliers, a data error filter removed daily prices that were +/-50% of the prior day's price and that day's price as well as the previous day's price were deleted. Equally if zero volume occurs on day t, then that day was deleted from the average. Finally the measure is multiplied by 10 6 following Amihud (2002) to provide a common range and ease comparisons. The Amihud measure is defined as:
where | | t R is the positive modulus of daily stock returns formed from daily closing prices. Liu (2006) measure This multidimensional Liu measure is from Liu (2006) and defined as LMx which is the standardized turnover-adjusted number of zero daily trading volumes over the prior x months (x = 1, 6, 12) i.e. where x month turnover is the turnover over the prior x months, calculated as the sum of the daily turnover over the prior x months, daily turnover is the ratio of the number of shares traded on a day to the number of shares outstanding at the end of the day, M is the total number of trading days in the market over the prior x months, and Deflator is chosen such that, Several examples of intra-market segmentation that result from this concentration are in Table 2 . The difference in bid-ask spread between the aggregate market and the top tier blue chip stocks is evident in Tunisia with the aggregate market 53.37% and for the top five stocks it is 6.40%. In South Africa the difference is 25 times, with values 10.07% and 0.40%, respectively.
However, while similar differences in price rigidity (the proportion of zero returns in a month) and mean trading volumes and capitalizations between top tier stocks and the overall market are also apparent, the highest levels of price-rigidity and thus lowest stock prices are in the SSA markets.
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Low prices in these markets reflect increased risks faced by traders (Stoll, 2000) and are a function of lack of institutional development and regulatory structure in the region. Tables 1 and 2 
ESTIMATION
(i) Selection of appropriate liquidity measure
The first set of models use OLS estimation to determine which of the liquidity measures discussed above best explain total trading costs, defined as the bid-ask spread plus brokerage and exchange fees. Four firm-specific liquidity measures from Stoll (2000) are used as controls; price, traded volume, daily return volatility and firm size, or market capitalization. As such Stoll (2000) outlines market controls of stock price, return volatility or variance, traded volume and market capitalization.
Price controls for discreteness and acts as an additional proxy for risk as low stocks tend to be riskier while increases in volume, number of trades and firm size (market capitalization) all increase the probability of locating a counterparty and thus are associated with reducing inventory risk.
Additionally the stocks return variance measures the risk of adverse price changes on stocks placed in inventory which is especially important consideration given evidence from Stoll (1978) and Ho and Stoll (1981) that suppliers of immediacy are not well diversified in respect of stocks placed in inventory. It is notable that while the theoretical model of market model and supply of immediacy (liquidity) that governs the controls introduced by Stoll (2000) is based on large, liquid and sophisticated US equity market and trading centres, these controls have largely become standard (see Lesmond (2005) for discussion on this issue). In these regressions the three measures are included separately and then together for each of the markets individually.
(ii) Size and Liquidity Augmented CAPM Following the three-factor CAPM (Fama and French, 1993) this paper extends Martinez et al (2005) and Shum and Tang (2005) and takes account of size and liquidity effects that improve the performance of the model in the context of emerging and developing markets.
The construction of the market, size and liquidity factors used in the CAPM follow the existing literature and in this paper the portfolios of stocks are constructed annually from 2002 to 2008. Portfolios are formed from the available stocks sorted into equally weighted portfolios. The market portfolio is the arithmetic mean of the cross section of total returns in the sample. These are sorted each year first by market capitalization and divided into three size ranked portfolios, "Small", "Medium", and "Big", and then each of these further sorted into another three portfolios based on liquidity. The size factor is formed from the cross sectional mean returns of the small size minus the big size portfolio and is referred to as the SMB factor, following the notation of Fama and French (1993) . The liquidity estimator with the greatest statistical strength in explaining total trading costs is used to rank stocks into portfolios based on their relative liquidity and is based on the mean of each of the three "High" illiquidity sorted portfolios minus the mean of the "Low" illiquidity portfolios. This is referred to as the HML factor, following the notation of Liu (2006) .
The market universe is complicated by the lack of appropriate regional benchmarks in Africa, and in particular in SSA, and by the inappropriate assumption of integrated asset markets. The three-factor CAPM can now be restated as the expected return on a risky portfolio p, in excess of the risk free rate E(Rp) -Rf, is a function of (i) excess return on the market portfolio, RmRf ; (ii) the difference between the return on a portfolio of small-size stocks and of large-size stocks, SMB; and (iii) the difference between the return on a portfolio of high illiquidity stocks and of low illiquidity stocks, ILLIQ. Therefore, the expected excess returns on a portfolio p of emerging market stocks can be written as
This relation is stated in terms of expected returns but to test the model it is necessary to transform (8) to the following estimating equation:
where the variables are described above and εp, t is an iid disturbance term. The model is estimated using Ordinary Least Squares following Pastor and Stambaugh (2003) , Liu (2006) and Martinez (2005) , all of whom use this approach in multi-factor CAPMs to capture liquidity effects where there are no appropriate regional benchmark market indices as is the case here. The constant term is expected to be not statistically different from zero.
Implications for investors risk diversification
Finally, the implications for investors risk diversification are explored using annual optimized portfolios (see Harvey (1994) and Jackson and Staunton (2005) for outline of methods). Two portfolios using stocks representing from civil code and common law markets are constructed.
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These are equally weighted portfolios comprised of the top stocks in each market. Conditional means are generated from these top stocks from the augmented CAPM outlined above.
RESULTS
(i) The impact of liquidity on total trading costs
Results of regressions to estimate the association of the three liquidity constructs with total trading costs are in Table 3 . With the exception of the London FTSE100 and Namibian indices, all models
show a large, positive and highly statistically significant result for the Liu (2006) multi-dimensional measure. These models also have the highest explanatory power by individual market and in aggregate. Only in the London FTSE100 model does the Amihud (2002) price-impact measure perform better in explaining total trading costs, most likely because this is a large, well-regulated, and long established market. For Namibia, the turnover ratio is found to have statistical superiority, which is probably a function of the very small and extremely illiquid nature of this market.
The relationships between the market control variables and total trading costs reflect those of Stoll (2000) and are appropriate in the context of emerging markets as discussed by Lesmond (2005) . There is generally a negative and statistically significant relationship between stock price and total trading costs suggesting inventory risks for traders seeking to hold stocks in portfolios, while that between volatility and illiquidity is positive, with greater illiquidity leading to more erratic price movements. Equally, a negative and statistically significant relationship between traded volume and total trading costs is expected, as illiquidity reflects lower order flow. However, the positive relationships between firm size and total trading costs in the Paris CAC40 index and in Egypt, South Africa and Namibia is the opposite of Stoll (2000) , although confirms those of Lesmond (2005) in a study of larger emerging markets. The summary statistics for stocks in the nine size-illiquidity sorted portfolios from each of the five market universes are in Table 4 . These are approximately equal for the nine portfolios for the two European markets and for South Africa, which has more concentration in small size-high illiquidity portfolios. Namibian stocks are concentrated in the small size-high illiquidity and medium sizehigh illiquidity portfolios while the big size-low illiquidity portfolios are dominated by Nigerian stocks. Zambian stocks are the only others to feature in the large size portfolios, though only in the large size-medium illiquidity and large size-high illiquidity portfolios. For Kenya and Botswana stocks tend to be concentrated in the small and medium size portfolios with the latter in medium and high illiquidity sub-portfolios. In North Africa, Egyptian stocks are relatively evenly dispersed across all nine size-illiquidity portfolios, though with more in less illiquid sub-portfolios, indicating greater trading activity of Egyptian stocks compared to others in the region. Moroccan and Tunisian stocks are concentrated in the large size portfolios and slightly higher concentration in higher illiquidity sub-portfolios reflecting their relative inactivity.
Table 4
The descriptive statistics for all nine size-illiquidity sorted portfolios are in panel A of and greatest of all, South Africa (32.84%). These are most likely a result of more activity in top tier blue chip stocks and subsequently greater price movements compared with the rest of the market, a clear indication of intra-market segmentation. Table 5 (iii) The three-factor CAPM Results of the estimation of the traditional CAPM and three-factor models for this sample of emerging markets are in Table 6 . The augmentation of the single factor CAPM with the size and liquidity factors increases explanatory power for all size-illiquidity sorted portfolios in all cases, although this is highest in North Africa and SSA, where the increase is greater than 20%. The improved explanatory power is more modest in the UK, France and South Africa. However, the low explanatory power of all asset pricing models in emerging and developing markets is highly questionable, as noted in Hearn and Piesse (2010) and .
A further two general observations can be made in regard to the application of the threefactor model in terms of the size and liquidity factors themselves. The first relates to evidence of a "reverse size effect" in Table 6 . This was first noted by Martinez et al (2005) and arises from the large, negative and statistically significant coefficients on the size factor common to the three large size portfolios. This phenomenon relates to large firms that further increase in size and hence earn lower returns while small firms that increase in size earn higher returns. This suggests an optimal size for profitable firms, which is not obvious to investors seeking good hedging opportunities. The second is similar and relates to the "reverse illiquidity effect" and suggests that returns increase with increasing illiquidity, despite this being counterintuitive and again provides investors with poor hedging opportunities. This reverse illiquidity effect is clear in the table by the large, positive and statistically significant coefficients on illiquidity in almost all the three high illiquidity portfolios and even many of the medium illiquidity portfolios. This too was found by Martinez et al (2005) in Spain.
6 Table 6 (iv) Modelling national market portfolios
Modelling of aggregate market portfolios is undertaken from national portfolios formed from all stocks constituent to that market entity as well as stocks constituent to top tier blue chip index within that market. These time series of excess returns of aggregate national market and top tier blue chip stocks portfolios then form dependent variables in a sequence of time series CAPM type regressions. The first being single one-factor CAPM containing only the market universe, this being for example North Africa, Sub Saharan Africa or South Africa. The second augments the simple CAPM initially with only the size factor and then with only the liquidity factor. The third is the full three-factor CAPM augmented by both size and liquidity factors. For brevity these results are not reported in this paper but are available from authors upon request. Some notable general features are however immediately apparent from the results. The first is that the explanatory power of the top stocks portfolios compared to the aggregates is dramatically reduced in all markets, which is a function of their relative attractiveness to investors and hence enhanced liquidity. The explanatory power of all models for the UK FTSE100 portfolio are around 1%-6% and for the French CAC40 portfolio under 1%. Similarly, the explanatory power in all models for Egypt's top stocks portfolio is less than half that of the aggregate market portfolio and the same is true for Morocco, Tunisia, Botswana, Nigeria and South Africa. The second is the presence of a persistent reverse size effect in almost all models, with the exception of the French CAC40 and the aggregate market portfolios of Egypt, Tunisia, Nigeria, Zambia and Namibia. A reverse illiquidity effect is found for Morocco, Tunisia, Botswana, Zambia and Namibian top stocks and aggregate market.
These markets are all small and very illiquid compared to the larger markets and again brings into question the appropriateness of asset pricing models in small, emerging markets. A third general observation relates to the statistical significance of the Jensen alpha, αp, in all models and portfolios.
These constant terms are statistically significantly different from zero in CAPM and augmented CAPM models applied to the aggregate national market portfolios of Egypt, Morocco, Nigeria and South Africa and the top stocks portfolio of Botswana, indicating intra-market segmentation.
(v) Implications for capital issuers and investors
Costs of equity Finally the highest estimates of cost of equity are found in national stock markets in SSA.
These values are extremely high, for example, 28.07% (Kenya), 46.69% (Botswana), 56.43%
(Zambia) and 63.82% (Nigeria). Similarly for the top tier stocks, Kenya is the lowest (30.99%), followed by Nigeria (32.90%) and finally Zambia (35.53%). Only Botswana is low (6.74%), which was justified above as a special case. Thus, SSA markets offer investors minimal opportunities for risk-adjusted returns.
Table 7
Portfolio characteristics Table 8 reports the conditional means and standard errors from portfolio optimization methods based on the traditional and augmented CAPMs estimated above (Harvey, 1994) . This information is useful to investors seeking risk diversification opportunities and illustrates differences that result from mean-variance optimized portfolios of top stocks from national markets given the existing legal regime (La Porta et al, 2008) . Panel 1 of Table 8 shows that mean returns are lower and standard deviation higher in the common law investment portfolio while the opposite is true in civil code law countries. The major differentiating factor between the two is the value of the Sharpe ratio, 1.5359 for the civil code portfolio and 1.1624 for the common law portfolio, suggesting maximum risk-return and greater potential for risk diversification in the former. 8 However, the top tier stocks in the civil law markets in this sample of emerging and developing stock exchanges exhibit greater price-rigidity and thus increased "lock-in" risk in terms of investment positions.
Finally, the optimized asset weights in the two investment portfolios, based on civil code and common law markets, reflect the cost of equity estimates discussed above. In Panel 2 of Table   8 it is clear that values in the civil code law portfolios are more concentrated over time in Moroccan and Tunisian top stocks with a lesser concentration of French and Egyptian assets. While this is unexpected in the case of the French assets, as these would be expected to feature more prominently in optimized asset holdings given the very low cost of equity of French assets relative to North Africa, the increased concentration in Tunisia and Morocco may partly explain the lower costs of equity between these markets and Egypt. The results from the common law investment portfolio provide even stronger evidence and generally over 50% of optimized asset weights are in the UK FTSE100. Most of the remainder are concentrated between South Africa, Namibia and Botswana with minimal proportions from Kenya, Nigeria and Zambia, all of which have the highest costs of equity. Table 8 Figures 1 and 2
CONCLUSIONS
This paper begins by constructing established illiquidity measures for emerging markets in Africa and uses these to determine which best explain trading costs. The most appropriate measure is then used to model a size and liquidity augmented capital asset pricing model to explain the cross section of expected returns in these markets that have previously been excluded from this literature.
Five market universes of stocks are formed because of the lack of integrated markets in the region.
These include: London, Paris, South Africa and Namibia, three countries in North Africa and four in SSA. The cost of equity for the aggregate markets and their top tier stocks by market capitalization, are derived from the estimated augmented CAPM.
The results show that firms seeking cost effective finance from SSA stock markets are at a distinct disadvantage compared with those in Northern Africa, South Africa, and in particular, London and Paris. An additional factor is the legal structure under which these markets function and a distinction is made between civil code and common law countries. Optimized asset weights in these portfolios are greatest in the European markets followed by South Africa with minimal dispersion amongst SSA markets. Countries with well-regulated markets and a high standard of corporate governance and disclosure are more attractive and currently these smaller markets must become more competitive relative to larger and more active domestic banking sectors if they are to succeed as sources of external funds. Thus, policy that supports integrated financial markets must take account of the illiquidity and intra-market segmentation that exists in many of these emerging stock exchanges before costs of capital will be attractive to investors. Regressions are on a firm-monthly basis. Three liquidity measurement variables are presented. Liu (2006) defined in expressions 4 and 5 (section 2), turnover is a ratio of the traded volume of shares in relation to total number of shares outstanding and is scaled by the number of trading days in the month of measurement. It provides a measure of trading frequency. The final measure is the Amihud (2002) price impact measure, as defined in expression 3 (section 2). Firm size is determined from the first day of each month. Volatility is the average daily stock return variance and price and volume measure the average price (local currency units) and trading volume over an annual trading period. Turnover, price, volume, and market capitalisation are all log scaled in line with Stoll (2000) . N is the sample size in firm months. The White cross-section t-statistics are in parentheses. Table reporting average numbers of stocks contained within each of nine separate size and illiquidity sorted portfolios for each market universe. These are formed from market universes based on UK's FTSE All-Share, France's CAC All-Share and then a North African market universe constituent to all North African listed stocks, a similarly constructed Sub Saharan African universe -constituent to all stocks in Nigeria, Kenya, Namibia (local market), Zambia and Botswana, and finally a South African universe constituent to all listed stocks in South Africa and closely related Namibia. Stock sorting and portfolio rebalancing is undertaken each December for entire duration of sample time frame. Namibia is included in both Sub Saharan African and South African universes as is a unique case of Sub Saharan African market that also has an integrated trading link with South Africa. These nine size-illiquidity sorted portfolios are formed by a three-by-three sorting process. All stocks in universe are first ranked in accordance to size and thus into three size ranked portfolios. Each size ranked portfolio is then subjected to a further sorting based on illiquidity thereby forming a further three illiquidity ranked portfolios in each case. (2) One month T-bill risk free rate for month t, which is taken as the one month UK Gilt rate Second fee is sliding schedule depending on value traded and ranges from 0.25% <0.5m TDN to 0.05% for >3m TDN Notes: South Africa and Namibia adhere to Roman-Dutch civil code but commercial and securities regulatory law follows English common law
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